Background: Because alcohol use disorders (AUDs) in patients living with HIV/AIDS are associated with a reduction in therapeutic outcomes and increases the risk of morbidity/mortality, finding an appropriate pharmacotherapy treatment for this disorder is necessary. Objectives: This systematic review contains studies that examine the effects of pharmacological intervention (oral naltrexone (NTX) or injectable extended-release naltrexone (XR-NTX)) on the persons living with HIV and AUDs. Methods: A systematic literature search using three electronic databases including Pubmed Medline, Scopus and the Cochrane Library and Google Scholar was conducted and includes articles published from 1995 to 2019. Records were collected by searching relevant keywords and those that meet the inclusion/exclusion criteria are included. Results: Overall, in this systematic review, the results of 7 relevant studies including pilot and randomized controlled/ clinical trials were summarized and reviewed. Among selected records 2 of these assessed the efficacy of NTX and 5 tested the XR-NTX effectiveness in treating AUDs among persons living with HIV (PLH). In summary, with some expectations, NTX and XR-NTX administration in persons living with HIV and AUDs led to reduced alcohol use, improved viral suppression, unchanged ART adherence and has no significant adverse events. Conclusion: The findings of this systematic review suggest the beneficial effects and safety of the NTX and XR-NTX for treating AUDs in PLH. Further studies are needed in the future to focus on the treatment of AUDs in people living with HIV.
Introduction
Alcohol use disorders (AUDs) are a costly, common and disabling health condition that is considered as one of the most serious public health problems [1] . Alcohol use is highly prevalent among positive human immunodeficiency virus (HIV) individuals [2] [3] [4] [5] . Alcohol use in people living with HIV/AIDS seems to be 2-4 times more prevalent than the general population [3, 6, 7] and it has also been estimated that about 40-50% of these patients had a history of heavy alcohol use [8, 9] . There are several harmful linkages between alcohol use and HIV. Heavy alcohol use has the ability for interfering with immune system functions [10] [11] [12] , increasing in the incidence of serious bacterial infections (especially tuberculosis) [13, 14] , liver damage and hepatotoxicity in the case of associated infection such as hepatitis C [15] , and make changes in the metabolism of antiretroviral drugs [16, 17] . Moreover, heavy alcohol use is linked to the harmful behavior i.e. illicit drug use, smoking, and enhanced unsafe sexual activities. Besides, it has been reported that alcohol use is associated with an increase in the risk of chronic illnesses such as cardiovascular disease and cancer in people living with HIV [18] [19] [20] [21] [22] . Alcohol use among people living with HIV affects negatively on their adherence and engagement to the HIV treatment, treatment outcomes and mortality risk [7, [23] [24] [25] . There are various pharmacological/behavioral treatments for treating AUDs [26] [27] [28] [29] [30] [31] . Pharmacotherapy is recommended for AUD treatment [28, 32] , and FDAapproved medications for these disorders include acamprosate, disulfiram, and naltrexone [28, 32] . Besides above-mentioned drugs, strong evidence found regarding the use of topiramate for AUD treatment in a metaanalysis study [28] .
Opioid antagonist, naltrexone (NTX) sold under the brand names Revia and Vivitrol among others, is an important pharmacological medication. Oral and injectable forms of naltrexone are commercially available [26, 33] . It is used for managing of AUDs and it is effective to reduce alcohol use and craving [34] [35] [36] [37] . This opioid receptor antagonist has a similar structure with morphine and has a high affinity for the μand κ-opioid receptor active sites [38] . It is believed that NTX may lead to the antagonism of opioid pathways towards the nucleus accumbens, and thus reduces the amount of released dopamine [39] . It has been demonstrated that NTX is effective in reducing the number of drinks and heavy alcohol use days and extends the rates of abstinence [40] [41] [42] . The main goal of this research is to provide a systematic review of the current evidence regarding the application of naltrexone for the pharmacotherapy of AUDs in people living with HIV. The impact of oral naltrexone (NTX) and injectable extendedrelease form (XR-NTX) on the alcohol use and HIV related outcomes are discussed.
Methods

Searching strategy
This study is designed according to the PRISMA statement [43] . A systematic literature search was conducted on the online databases including Google Scholar, Pubmed Medline, Scopus, and the Cochrane Library until June 2019.
The key search terms were: (naltrexone and HIV and alcohol) or (naltrexone and HIV and drinking) or (naltrexone and AIDS and alcohol) or (naltrexone and AIDS and drinking) or (Vivitrol and HIV and alcohol) or (Vivitrol and HIV and drinking) or (Vivitrol and AIDS and alcohol) or (Vivitrol and AIDS and alcohol) or (Revia and HIV and alcohol) or (Revia and HIV and drinking) or (Revia and AIDS and alcohol) or (Revia and AIDS and alcohol).
Inclusion/exclusion criteria and study selection
Only studies that investigate the efficacy of NTX or XR-NTX for treating AUDs in PLH to be included. Exclusion criteria in this study were as: 1) Review articles, animal studies and those studies that only reported the pharmacology effects, 2) Studies that reported NTX or XR-NTX for the treatment of opioid use disorders (OUDs) or AUDs in PLH but they did not report their results separately for the group with AUDs, 3) Studies that include NTX or XR-NTX in combination with other drugs, and 4) Studies in which patients, in addition to AIDS, are infected with other infectious diseases, such as hepatitis. After deleting duplicate records, remained studies were screened and relevant ones were selected based on suitability of their title and abstract.
Data extraction and synthesize the results
The seven included studies are pilot studies and randomized trials focusing on the treatment of AUDs in PLH. Reported outcomes including ART adherence, retention in treatment, drinking status, HIV-related biomarkers, and treatment safety. The summary of the included records is presented in Table 1 and Fig. 1 shows the systematic searching strategy.
Results
As shown in Table 1 , two of these studies have used oral naltrexone (NTX) [44, 49] and the 5 other used extendedrelease injectable form (XR-NTX) [45] [46] [47] [48] 50] . The difference between reported outcomes and a small number of studies has made it difficult to present results in a metaanalysis. However, to illustrate the effect of the drug in each study, the total effect size of each study for repeated measurements at different time intervals was calculated and reported using a fixed effect model [51] .
Evaluated outcomes Treatment retention
Of the 51 participants who enrolled in the study by Edelman et al., 2019, only 23 participants remained in the study for up to 24 weeks [45] . 82% of Cook et al., 2017 study participants completed the course of treatment [44] . Among 51 people with HIV/AUD enrolled in the study by Korthuis. et al., 2017, 83% of XR-NTX and 50% of treatment as usual (TAU) pharmacotherapy groups were retained on the treatment within 16 weeks [47] . Springer et al., 2018 studied the effects of XR-NTX on 100 (2:1 randomization) incarcerated individuals with HIV/AUD and reported no significant difference between treatment retention for both XR-NTX and placebo groups after 6 months [48] .
Drinking outcomes
Cook et al., 2017 conducted a study from 2010 to 2012 on the 17 women who have HIV with AUDs. They received naltrexone (daily 50 mg orally) or placebo randomly to reduce drinking [44] . Participants were divided Average daily alcohol consumption was reduced. to NTX (n = 10) and placebo (n = 7) groups. In both groups, during participants follow-up, the drinking reductions were observed in terms of decreased mean alcohol consumption per week (39.2 vs. 12.8 drinks/week at month 4 (p < 0.01) and 9.4 drinks/week at month 7, (p < 0.05)) and increase in the number of abstinent days. Although these changes were significant for each group alone, there was no significant difference between the two treatment groups. Hu et al., 2013 investigated the effectiveness of using NTX in reducing heavy alcohol use on 19 women infected with HIV from 2010 to 2012 [49] . They were randomized 2:1 and received 50 mg NTX orally or placebo for 7-months. Among NTX group an average daily alcohol drinking significantly reduced from 7.13 at baseline to 0.46 standard drinking units at the end of 7 month treatment. Edelman et al., 2019 examined the effects of XR-NTX on the 51 participants with HIV/AUDs from 2011 to 2015. Participants divided into 2 (XR-NTX or placebo) groups and followed throughout the 24-week treatment. The XR-NTX group received 380 mg in 4 mL intramuscularly at four-week intervals [45] . Edelman et al., 2019 observed that compared to the placebo group, the XR-NTX assigned group had fewer past 30-day heavy and abstinent drinking days (p = 0.03). Moreover, for the XR-NTX group phosphatidylethanol (PEth, an alcohol biomarker) values decreased over time (p = 0.03) [45] . assessed the effects of XR-NTX for treating AUDs in PLH. Patients were assigned to XR-NTX (n = 12) versus treatment as usual (TAU, n = 11) and followed during 8 months [46] . The past 30-day mean drinking days to intoxication decreased from 13 to 6 and 18 to 7 for XR-NTX and TAU groups, respectively. In another study reported by Springer et al. 2017, 100 HIV positive released prisoners with AUD were randomized 2:1 to XR-NTX or placebo groups to receive injections of XR-NTX or placebo for 6-month. Overall, there was no statistically significant difference for the time to first heavy drinking day, average drinks per drinking day, mean percent of heavy drinking day and mean change in alcohol craving. Compared to the placebo group, younger in age participants (age 20-29 years) in the XR-NTX group had a more time to first heavy drinking day.
ART adherence
Edelman et al., 2019 did not observe the difference in the proportion of participants with ≥95% or ≥ 90% ART adherence between treatment arms (p = 0.38) or treatment arms over time (p = 0.97) [45] . There were no statistically significant differences in the proportion of participants with ≥95% ART adherence ("The pooled effect size for ART adherence was OR=1.43, 95%CI: 0.38 to 5.39") during the study done by Cook et al., 2017 [44] .
HIV viral load
In the case of women who received 50 mg daily NTX in the study by Cook et al. 2017 , undetectable HIV viral load increased from baseline after 2, 4 and 7 months in both the NTX and placebo groups but these increase was not significant ("The pooled effect size for HIV viral load was OR=2.32, 95%CI: 0.56 to 9.71") [44] . Effect of XR-NTX on undetectable viral load (< 50 copies/mL) was reported by Edelman et al. 2019 , Springer et al., 2018 . Edelman et al. 2019 reported that compared to baseline, a significant increase in the proportion with an undetectable HIV viral load (defined as < 50 copies/mL) was not detected (p = 0.06) [45] . For the placebo group involved in the Springer et al., 2018 study, there were no statistically-significant improve at each level of viral suppression from baseline to 6-month treatment. For the placebo group, the value of viral suppression (VS) at all three-level (< 50, < 200, and < 400 copies/mL), didn't improve from baseline of 42, 64 and 66.7% to 30.3% (P = 0.292), 42.4% (P = 0.070) and 42.4% (P = 0.030) after 6 month treatment, respectively. VS for the XR-NTX group at two levels (< 50, and < 200 copies/mL) increased from baseline of 31, 48 to 56.7% (P = 0.001) and 64.2% (P = 0.024) after 6 month, respectively. From baseline to 6 months, the value of VS < 400 copies/mL was maintained (63.6 to 53.7%, P = 0.260). Also at 6 months, XR-NTX receiving participants were more likely to have viral suppression for both < 200 copies/mL and < 50 copies/mL levels than placebo while there was no significant difference for viral suppression < 400 copies/mL between two groups. Based on Korthuis et al., 2017 HIV viral suppression (HIV RNA pcr < 200 copies/mL) changed from 92 to 82% for patients assigned to XR-NTX and no change was detected for TAU at 16 weeks [46] .
CD4 cell count
For both NTX and placebo groups in the study by Cook et al., 2017, after 4 and 7 month treatment, the CD4 counts improved than baseline and due to small amounts of numbers, it isn't possible to make meaningful conclusions ("The pooled effect size for CD4 counts was standard mean difference (SMD)=0.13, 95% CI: -0.48 to 0.73") [44] . Edelman et al., 2019 reported that for the XR-NTX group, the estimated mean CD4 was lower than the placebo group at baseline and this difference were not statistically-significant (p = 0.75) [45] .
VACS index score
During the 24-week treatment period in the study of Edelman et al., 2019, there were no significant differences in the VACS index scores between the groups by condition (p = 0.70), or over time (p = 0.63) [45] .
Safety
Cook et al., 2017 reported that however, the proportion of those reporting adverse event relating to drug consumption for NTX receiving participants are greater compared to placebo (70% vs. 28%), these differences were not significant statistically (p = 0.15 by Fisher exact test) [44] . According to Cook et al., 2017 the most common side effects for NTX users were: insomnia (30%), nervousness/anxiety (30%), and nausea (10%). Also, Springer et al., 2017 reported no statistical differences in adverse events between the XR-NTX or placebo groups [50] . In another study by Edelman et al. 2019, 51% of participants experienced one or more adverse events with mild to moderate severity and 18% had a serious adverse event. The reported adverse events were different and include neurological, muscular, gastrointestinal, psychiatric, slips and falls, legal, family and social problems and other problems associated with using drug/alcohol [45] . Among 51 patient participated in Korthuis et al., 2017 study, 40 of them experienced 29 adverse events but most of them (62%) were not associated with the study treatment [47] .
Discussion
HIV and AUDs are two of the prevalent epidemics and if they combined together leading to poor health outcomes and increased mortality/morbidity. Based on health treating complication related to alcohol use in PLH, it is crucial to explore efficacious pharmacological and behavioral interventions to treat AUDs. In this regard, this systematic review covering information from the literature contribute to the pharmacotherapy treating of AUDs in PLH. These studies are focused on whether AUD treatment can affect the important clinical and laboratory parameters affecting the evaluation and progression of AIDS. These studies use naltrexone (oral or injectable forms) to treat heavy alcohol use among PLH. Very few studies have been conducted to examine the outcomes of AUDs pharmacological treatments in PLH. Studies included in this work have examined the effects of NTX or XR-NTX on AUD treatment and reported different outcomes such as treatment retention (n = 2), drinking status (n = 5), antiretroviral therapy adherence (n = 2), and biological HIV markers (n = 5). Although these studies reported a change in alcohol intake during naltrexone use, the measurement criteria and timing are very different. So it is hard to summarize and compare their results. For example, studies have used different criteria for measuring and reporting drinking-related outcomes. These studies reported the mean alcohol drinking per week, the number of abstinent days per month, the past 30-day mean drinking days, time to first heavy drinking day, average drinks per drinking day, mean percent of heavy drinking day and mean change in alcohol craving in different intervals during the period of assessment. One study found an 83% of XR-NTX groups remained on treatment during 16 weeks follow-up and in another study, a significant difference in remaining on treatment between XR-NTX and placebo groups did not find. Due to NTX administration, a reduced average daily alcohol drinking, mean weekly alcohol consumption and an increase in the number of the abstinent days was found by two studies. After treating with XR-NTX, fewer past 30-day mean and heavy drinking day was reported by 2 studies. In comparison to placebo, for both NTX and XR-NTX groups no statistically-significant differences for the proportion with ≥95% ART adherence were reported. Undetectable HIV viral load or viral suppression did not increase significantly after NTX consumption. A statistically-significant VS improvement in the XR-NTX than the placebo group was reported by three studies. The amount of mean CD4 count improved slightly from baseline after NTX administration and there was also the lower CD4 count for XR-NTX group compared to placebo. Three studies did not find any statistically-significant adverse events for NTX and XR-NTX. Despite the importance of managing alcohol use disorders in PLH, only a limited number of studies have focused on this issue. The variety of responses considered for evaluating drug treatment outcomes, the low number of study participants, and the selection of the study population from specific groups such as prisons or newly released individuals are among problems associated with the limited studies conducted in this area.
Conclusion
This review study was designed to evaluate the effect of naltrexone on the outcomes of drinking and AIDS treatment in patients with these two conditions simultaneously. Results showed that administration of injectable/ oral naltrexone in people living with HIV/AUDs reduces alcohol consumption and improves viral suppression without significant side effects. Thus naltrexone can be used to treat alcohol-related disorders in this group of patients. However, due to the small number of studies conducted in this field and the problems associated with alcohol consumption in AIDS patients, it seems that more prospective prolonged controlled trial studies are needed to address the impact of NTX and XR-NTX in people living with HIV/AUDs.
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